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Abstrat
Algebrai solution of RPA equations for nuleon re-interations in
the ase of quasi-elasti harged urrent neutrino-nuleus sattering
is presented. Abelian algebra of matries allows to extrat four inde-
pendent orretions to ross setion separately. Results of numerial
omputations are shown.
1 Introdution
A better theoretial understanding of nulear eets in neutrino-nuleus
sattering is important in view of data analysis from new more preise
neutrino experiments suh as K2K, MINOS, MiniBoone. Determi-
nation of parameters governing neutrino osillation phenomenon, in
partiular of θ13 requires an improved knowledge of neutrino-nuleus
ross setions [1℄. In the above mentioned experiments neutrino beam
energy is of the order of 1 GeV. A harateristi feature of neutrino-
nuleus reations in this energy domain is formation of resonanes and
subsequent pion prodution. However, the quasi-elasti ontribution
is still important and its preise determination is of interest.
Nulear eets in neutrino-nuleus interation are often evaluated
in a framework of Monte Carlo approah. Sattering is split into two
steps. Neutrino interats rst with a free nuleon, outgoing partiles
are then subjet to re-interations inside nuleus. In more system-
ati theoretial approahes Mean Field Theory with relativisti Fermi
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gas of protons and neutrons as a ground state an serve as one of
tehniques to provide a model for nuleus [2℄. In its simplest version
nuleus forms a sea of fermions with momentum uniformly distributed
inside the Fermi sphere. The eet of MFT is that one has to substi-
tute nuleon mass M by an eetive mass M∗. It is well known that
for energies in the GeV range in the ase of eletron-nuleus satter-
ing Fermi gas model with ne tuned values of Fermi momentum and
eetive mass aounts for basi features of the dynamis [3℄. More
realistially, nuleons interat with eah other exhanging pions and
ρ mesons and also short range orrelations have to be onsidered by
introduing suitable ontat interations terms [4℄. In the ring approx-
imation ot the RPA approah a summation over all Feynman diagrams
is substituted by a sum of diagrams, where only 1p-1h (one partile -
one hole) exitation are inluded [5℄. In order to make the theory bet-
ter one should also onsider elementary 2p-2h exitations in order to
enlarge ross setion in the so-alled "dip" region [6, 7℄. It is however
diult to inlude this ontribution in the RPA sheme [8℄.
In this paper analyti expressions for four ontributions to RPA
orretions are derived in the ase of quasi-elasti neutrino reations.
An algebra of matries is introdued to solve Dyson equation. Results
for separate ontributions are presented. It is known [9℄ that RPA
orretions typially redue the maximum in the energy transfer dif-
ferential ross setion by a fator of about 10%. Our formalism when
applied to the CC proess is only expeted to reprodue these results.
In partiular we want to mention here the paper [10℄. We try to keep
the same notation in order to make omparison easier. A rst motiva-
tion for the present study is to onstrut a general framework in whih
more detailed analysis of quasi-elasti CC proesses ould be possible.
One an evaluate signiane of unertainties in various parameters:
nuleons form fators, oupling onstants, eetive mass et. The se-
ond motivation is that the same algebrai framework an be applied to
NC reations and hopefully also (with neessary modiations) ∆ ex-
itation. In our RPA omputations we keep a onstant value of Fermi
momentum. Also M∗ is assumed to be a funtion of Fermi momen-
tum only thus it is a onstant. Inlusion of loal density eets in the
analytial framework is in priniple possible but rather ompliated -
a lot of manipulations with spherial harmonis are neessary [7℄ with
approximations diult to ontrol. For all pratial purposes it is suf-
ient to have exat ross setion formula for a xed value of Fermi
momentum (and M∗) sine one an perform a numerial integration
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over Fermi momenta with a distribution dened by a density prole
of a nuleus in question. Our algebrai sheme enable rather simple
omputation of both eets (RPA and loal density) and this is the
third motivation for our work. We wish to mention that similar idea
of solving Dyson equation an be found in [11℄.
The paper is organized as follows. A short desription of the model,
Feynman rules and the main tehnial tool - algebra of matries is given
in setion 2. Expliit expressions for RPA orretions are presented in
setion 3. Setion 4 ontains a disussion of results and also a ompar-
ison with RPA omputations done in the relativisti generalization of
the Marteau model [12℄. There is a very nie agreement between two
approahes. Some tehnial details of algebrai omputations are ol-
leted in Appendix. The aim of this paper is to present main features
of the approah. More details and disussion will be ontained in the
next paper being in preparation.
2 The formalism
We onsider harged-urrent (CC) quasi-elasti neutrino-nuleus sat-
tering (Fig. 1). The model of nuleus is given by the Mean Field
(k’)µ−
(k)ν
p(p’)
n(p)
W + (q)
(k’)µ−
(k)ν
p(p’)
n(p)
Gev Region
Figure 1: The basi diagram desribing neutrino-nuleus interation. Sattering takes
plae on a single nuleon with a denite momentum given by a Fermi gas distribution. In
energy domain of few GeV eetive four-Fermion vertex provides an exellent approxima-
tion.
Theory [2℄ (nuleon mass beomes an eetive mass M∗(kF )) with in-
terations due to ontat terms and exhange of pions and ρ mesons
[4℄. In a rst approximation the nuleus is treated as a relativisti
Fermi gas with Fermi momentum kF determined by nuleons density.
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Elementary weak harge urrent nuleon-nuleon urrent is ex-
pressed by means of form fators [13℄:
Γα(qµ) = F1(q
2
µ)γ
α + F2(q
2
µ)
iσανqν
2M
+GA(q
2
µ)γ
αγ5 (1)
We omit Gp(qµ) term sine its ontribution to νe and νµ ross setions
at Eν ∼ 1GeV is negligible. It an be put into our sheme if required
with only minor modiations.
The dierential ross setion (per nuleon) reads:
d2σ
d|~q| dq0
= −
G2F cos
2θc |~q|
16π2ρFE2
Im (Lµ
νΠµν) . (2)
ρF = k
3
F /3π
2
, we assume the same values of Fermi momentum for
neutrons and protons. Lµν is a leptoni tensor:
Lµν = 8
(
kµk
′
ν + k
′
µkν − gµνkαk
′α ± iǫµναβk
′αkβ
)
. (3)
The sign± depends on a proess onsidered (neutrino/antineutrino).
The polarization tensor Πµν is a basi objet that ontains full in-
formation about nulear eets. It is dened as a hronologial produt
of many body urrents:
Πµν(q0, q) = −i
∫
d4xeiqαx
α
< 0|T (J µ(x)J ν(0)) |0 > . (4)
The |0 > is a ground state of nuleus desribed by the Fermi gas
model. Presription for nulear physis [14℄ enables evaluation of Πµν
by means of the standard QFT tehniques with modied (depending
on kF ) progagator G(p).
2.1 Feynman rules
The polarization tensor is split into a "free" part and RPA orretion:
Πµν = Πµνfree +∆Π
µν
RPA. (5)
The "free" tensor is given by a simple fermion loop (Fig. 2) whih is
spanned between two verties with form fators insertions.
Πµνfree(q) = −i
∫
d4p
(2π)4
Tr (G(p + q)Γµ(q)G(p)Γν(−q)) (6)
4
νΓ
µΓ
p p+q
Figure 2: Πµνfree
G(p) = (p/+M∗)
(
1
p2α −M
∗2 + iǫ
+
iπ
Ep
δ(p0 − Ep)θ(kF − p)
)
. (7)
G(p) desribes a propagation of a free fermion in the Fermi sea.
RPA orretions arise from summation of an innite sum of 1p-1h
ontributions [5℄. These orretions are given by Feynman diagrams
ontaining π propagator - V µν , ρ propagator - W µν and interations
verties NNπ as well as NNρ. Landau-Migdal parameter g′ is put
together with genuine pion propagator to form a redened pion "prop-
agator" (for details see [10℄).
In what follows in this setion we do not write down expliitly
Lorentz indies. It will be understood that unless speied all the
objets are 4 × 4 matries with indies ( )µ
ν
. We dene tensors Πρ
and Ππ as loop diagrams with CC weak nuleon-nuleon urrent in one
vertex and NNρ or NNπ verties (Fig.3). Notie that ontributions
from tensors given by gures (3a) (3b) are equal. The same applies
to ontributions (3) and (3d). This property simplies the algebrai
form of RPA orretions.
∆RPA is an 8× 8 matrix dened by an innite series:
∆RPA = ∆0 +∆0ΠG∆0 +∆0ΠG∆0ΠG∆0 + ..., (8)
whih is illustrated in Fig. 5. We dened two new tensors - 8 × 8
matries: ΠG and ∆0. Their denitions an be simply understood in
diagrammatial language (Fig. 6).
With all these denitions the formula (8) an be rewritten in the
form of Dyson equation (Fig. 7):
∆RPA = ∆0 +∆0ΠG∆RPA. (9)
It is lear that RPA orretions to polarization propagator are given
5
Π
pi
( propagator subtracted )pi Γ
b)
Γ
pi
a)
Π ρ
Γ
ρ
c)
( propagator subtracted )ρ Γ
ρ
d)
pi
Figure 3: Diagrammatial denitions of Πpi,ρ. They are loops with CC weak nuleon-
nuleon urrent in one vertex and NNπ or NNρ verties.
∆ 1
∆ 3
∆ 2
∆ 4∆ RPA
Figure 4: Following [10℄ we dene RPA propagator as a sum over 1p-1h diagrams with
external meson elds propagators.
Figure 5: The propagator RPA an be expressed as an innite sum.
6
external pi and ρ lines subtracted
Π G
∆ 0
Figure 6: Tensors ΠG and D0.
Figure 7: Dyson equation for RPA propagator.
∆ 2
∆ 3
Γ
Γ
∆ 4
Γ
ΓΓ
Γ
∆ 1
Γ
Γ∆ΠRPA
Figure 8: Diagrammatial explanation of RPA orretions to polarization propagator.
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by ∆RPA multiplied from both sides by Πρ and Ππ
∆ΠRPA(qµ) = (Πρ(qµ) Ππ(qµ) )∆RPA(qµ)
(
Πρ(qµ)
Ππ(qµ)
)
. (10)
The diagrammati explanation of this formula is presented in Fig.
8. Our strategy is to solve equation for ∆RPA and then to obtain
expression for ∆ΠRPA.
2.2 Algebrai properties of the polarization
tensor
A oordinate system is hosen in whih four momentum transfer reads:
qµ = kµ − k
′
µ = (q0, q, 0, 0). (11)
The Dyson equation is a 8× 8 matrix equation. In order to solve it we
introdue 4× 4 matries:
eL =


− q
2
q2
µ
q0q
q2
µ
0 0
− q0q
q2
µ
q2
0
q2
µ
0 0
0 0 0 0
0 0 0 0

 eT =


0 0 0 0
0 0 0 0
0 0 1 0
0 0 0 1


eA =


1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

 eV A =


0 0 0 0
0 0 0 0
0 0 0 −i
0 0 i 0

 (12)
They satisfy matrix multipliation relations:
eL eL = eL
eL eT = 0 = eT eL
eL eA = eL = eA eL
eL eV A = 0 = eV A eL
eT eT = eT
eT eA = eT = eA eT
eT eV A = eV A = eV A eT
eA eA = eA
eA eV A = eV A = eV A eA
eV A eV A = eT . (13)
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The polarization tensor must be a linear ombinations of eL, eT ,
eA, eV A,
Π = ΠLeL +Π
T eT +Π
V AeV A +Π
AeA. (14)
This is lear sine Π is given by a sum over Feynman diagrams
and eah ontribution is of this form due to the fat that algebra
eL, eT , eV A, eA is losed under multipliation and all the building bloks
are expressed in terms of these four basi matries. Consequently the
ross setion has the form
d2σ
dq dq0
= −
G2F cos
2θc q
16π2ρFE2
Im
(
LLΠ
L + LTΠ
T ± LV AΠ
V A + LAΠ
A
)
,
(15)
where LL ≡ Lµ
νeL
µ
ν et. Many authors, e.g. [10℄ all four ontribu-
tions: longitudinal, transverse, V-A, and axial. This an ause some
onfusion beause ontributions to the ross setion are sometimes
alled after spin-isospin operators present in nuleon-nuleon transi-
tion urrent. We will return to this point in Setion 4.
3 RPA orretions
A lot of simpliations ome from the fat that ∆0 ontains only lon-
gitudinal, transverse and axial terms [10℄.
∆0 =
(
W 0
0 V
)
=
(
WLeL +W
T eT +W
AeA 0
0 V LeL + V
T eT + V
AeA
)
.
(16)
W and V are
WL = W T = −
q2µ/m
2
ρ
q2µ −m
2
ρ + iǫ
(17)
WA =
q2µ −m
2
ρ
m2ρ
1
q2µ −m
2
ρ + iǫ
(18)
V L = V T = −
q2µ
q2µ −m
2
π + iǫ
(19)
V A =
q2µ
q2µ −m
2
π + iǫ
− g′ (20)
(21)
g′ is the Landau Migdal parameter.
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Also
Πρ = Π
L
ρ eL +Π
T
ρ eT +Π
V A
ρ eV A (22)
Ππ = Π
L
πeL +Π
T
π eT +Π
V A
π eV A +Π
A
π eA (23)
We nd
ΠG =
(
Πρρ Πρπ
Ππρ Πππ
)
=
(
ΠLρρeL +Π
T
ρρeT Π
V A
ρπ eV A
ΠV Aρπ eV A Π
L
ππeL +Π
T
ρρeT +Π
A
ρρeA
)
(24)
We introdue a general notation:
∆RPA =
(
∆1 ∆2
∆3 ∆4
)
(25)
∆i = ∆
L
i eL +∆
T
i eT +∆
V A
i eV A +∆
A
i eA i = 1, 2, 3, 4.
The 8× 8 matrix equation (9) an be rewritten as a set of four 4× 4
matrix equations:
∆1 = W +WΠρρ∆1 +WΠρπ∆3
∆2 = WΠρρ∆2 +WΠρπ∆4
∆3 = VΠρπ∆1 + VΠππ∆3
∆4 = V + VΠρπ∆2 + VΠππ∆4. (26)
Equations (26) are transformed to a set of algebrai equations and
solved in the Appendix. We obtain a general solution for ∆RPA
∆RPA =
(
∆A1 eA +∆
L
1 eL +∆
T
1 eT ∆
V A
2 eV A
∆V A3 eV A ∆
A
4 eA +∆
L
4 eL +∆
T
4 eT
)
. (27)
RPA orretions to polarization tensor are:
∆ΠLRPA =
(
(ΠLπ )
2 + 2ΠLπΠ
A
π
) (
∆A4 +∆
L
4
)
+ (ΠAπ )
2∆L4 + (Π
L
ρ )
2
(
∆A1 +∆
L
1
)
(28)
∆ΠTRPA =
(
(ΠTπ )
2 + 2ΠTπΠ
A
π + (Π
V A
π )
2
) (
∆A4 +∆
T
4
)
+ (ΠAπ )
2∆T4
+
(
(ΠTρ )
2 + (ΠV Aρ )
2
) (
∆T1 +∆
A
1
)
+
(
ΠV Aρ Π
T
π +Π
V A
ρ Π
A
π +Π
T
ρΠ
V A
π
) (
∆V A2 +∆
V A
3
)
(29)
∆ΠV ARPA =
(
ΠTρΠ
T
π +Π
T
ρΠ
A
π +Π
V A
ρ Π
V A
π
)(
∆V A2 +∆
V A
3
)
(30)
+2
(
∆T1 +∆
A
1
)
ΠV Aρ Π
T
ρ + 2
(
∆T4 +∆
A
4
) (
ΠAπ +Π
T
π
)
ΠV Aπ (31)
∆ΠARPA = (Π
A
π )
2∆A4 (32)
Expressions for ∆A1 ... are written in the appendix.
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4 Disussion
Numerial evaluation of RPA orretions to Πµν requires a knowledge
of both real and imaginary parts of all objets presented in (28 - 32).
We get the neessary formulae from [15℄. With this input one an
perform numerial analysis of our algebrai results.
We present some plots demonstrating onsistene of our proe-
dures. We ompare RPA orretions obtained in our paper with those
omputed in a dierent approah. The approah we hoose is based
on Marteau model with some improvements [12℄. A use of relativisti
generalization of the Lindhard funtion made kinematial regions of
both models the same.
In the Marteau model three ontributions to ross setion are iden-
tied aording to spin-isospin operators present in the transition am-
plitude. To nd a bridge between two deompositions we observe
that hadroni tensor omponents H00,H01,H10,H11 ontribute only
to longitudinal and harge ontributions (in spin-isospin nomenla-
ture) while remaining omponents ontribute only to the transverse
part. This is stritly speaking true in the approximation when
|~p|
M
(~p is
target nuleon momentum) terms are negleted in Hµν whih is valid
within few %. We deided therefore to single out two ontributions
in both approahes and to all them in order to avoid onfusion: I
and II. The ontribution II is equivalent to the sum of harge and
longitudinal parts in the Marteau approah while the ontribution I is
equivalent to the transverse part.
The identiation of I and II parts in our approah requires some
algebra. We obtain:
(LµνΠ
µν)
I
= LT
(
ΠT −ΠA
)
+ LV AΠ
V A
(33)
(LµνΠ
µν)
II
= LLΠ
L + (LA + LT ) Π
A
(34)
In numerial alulations we assumed the following values of param-
eters present in the theory: MA = 1.03 GeV - axial mass, standard
values of oupling onstants for pions and ρ mesons, Landau Migdal
parameter g′ = 0.7 exept from two omparison plots (in [12℄ the value
g′ = 0.6 was assumed and we take the same value in order to make
the omparison onsistent). Eetive mass was alulated aording to
self-onsisteny equation of MFT theory [2℄. It is assumed that target
nuleus is oxygen
16O and that Fermi momentum is kF = 225 MeV.
We get M∗ = 638 MeV.
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Figure 9: Comparison of the omputations of quasielasti neutrino total 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on oxygen, g′ = 0.7.
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tion for Fermi Gas
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leons with 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tion modied by RPA 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tions for neutrino energy 1 GeV.
The alulation was done for the free nuleon mass and g′ = 0.7.
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tion for Fermi Gas
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ed by RPA 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ulations were done with eetive mass M∗ = 638 MeV, g′ = 0.7.
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The al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leon mass and g′ = 0.6.
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ontributions I and II, in the model of
this paper and Marteau model [12℄. The alulation was done for the free nuleon mass,
g′ = 0.6.
In the Fig.9 we ompare preditions for the total ross setion in
three ases: (i) free Fermi gas with M∗ = 939 MeV, (ii) RPA ompu-
tations with M∗ = 939 MeV, (iii) RPA omputations with M∗ = 638
MeV. Inlusion of RPA orrelations makes the ross setion smaller.
In the third ase redution of the ross setion is more signiant for
neutrino energies up to about 3 GeV.
In the Fig.10 and Fig.11 we show dierential ross setions in en-
ergy transfer for neutrino energy of 1 GeV. As above we distinguish
two ases in whih eetive mass is taken either as a free mass of nu-
leon or as 638 MeV. One an see the typial expeted behavior: in
the RPA ase quasi-elasti peak beomes redued but at larger values
of energy transfer an eet of RPA is to inrease slightly the ross
setion. We notie that due to eetive mass kinematially allowed
regions in energy transfer are in two ases dierent.
In last two gures we ompare our dierential ross setions with
preditions of the model desribed in [12℄. A good agreement between
inuene of RPA orretions in two models is seen. The ontribution
I is dominant in both ases. Dierenes between them are small. The
behavior of ontribution II in both ases is similar. Marteau model
gives rise to smaller ontributions at energy transfer of ∼ 50 MeV and
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the whole ontribution beomes redued by about 25%.
We onlude that our algebrai solution of RPA equations leads
to modiations of ross setion similar to other approahes. We an-
not expet that Marteau model [12℄ an produe numerially idential
results as it is a hybrid model whih ombines nonrelativisti poten-
tial approah with relativisti Lindhard funtion. We hope that our
algebrai sheme will be useful in other ases mentioned in the Intro-
dution.
5 Appendix A
Equations (26) are rewritten as sixteen:
∆A1 = W
A
∆A2 = 0
∆A3 = V
A∆A3 Π
A
ππ
∆A4 = V
A
(
1 + ∆A4 Π
A
ππ
)
(35)
∆L1 = R
L +
(
∆A1 +∆
L
1
) (
WA +WL
)
ΠLρρ
∆L2 =
(
∆A2 +∆
L
2
) (
WA +WL
)
ΠLρρ
∆L3 = ∆
A
3
(
ΠAππV
L +ΠLππV
A +ΠLππV
L
)
+∆L3
(
V A + V L
) (
ΠAππ +Π
L
ππ
)
∆L4 = V
L +∆A4
(
ΠAππV
L +ΠLππV
A +ΠLππV
L
)
+∆L4
(
V A + V L
) (
ΠLππ +Π
A
ππ
)
(36)
∆T1 = W
T +
(
∆A1 +∆
T
1
)
ΠTρρ
(
WA +W T
)
+∆V A3 Π
V A
ρπ
(
WA +W T
)
∆T2 =
(
∆A2 +∆
T
2
)
ΠTρρ
(
WA +W T
)
+∆V A4 Π
V A
ρπ
(
WA +W T
)
∆T3 = ∆
V A
1 Π
V A
ρπ
(
V A + V T
)
+∆T3
(
ΠAππ +Π
T
ππ
) (
V A + V T
)
+∆A3
(
ΠAππV
T +ΠTππV
A +ΠTππV
T
)
∆T4 = V
T +∆V A2 Π
V A
ρπ
(
V A + V T
)
+∆T4
(
ΠTππ +Π
A
ππ
)(
V A + V T
)
+∆A4
(
ΠAππV
T +ΠTππV
A +ΠTππV
T
)
(37)
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∆V A1 =
(
∆V A1 Π
T
ρρ +∆
A
3 Π
V A
ρπ +∆
T
3Π
V A
ρπ
) (
WA +W T
)
∆V A2 = (∆
V A
2 Π
T
ρρ +∆
A
4 Π
V A
ρπ +∆
T
4Π
V A
ρπ )
(
WA +W T
)
∆V A3 =
(
∆A1 Π
V A
ρπ +∆
T
1Π
V A
ρπ +∆
V A
3 Π
A
ππ +∆
V A
3 Π
T
ππ
)
(V A + V T )
∆V A4 =
(
(∆A2 +∆
T
2 )Π
V A
ρπ +∆
V A
4 Π
A
ππ +∆
V A
4 Π
T
ππ
)
(V A + V T )(38)
We solve these equations setor after setor. Equations (35 - 35) lead
learly to:
∆A1 = W
A
∆A2 = 0
∆A3 = 0
∆A4 =
V A
1− V AΠAππ
(39)
To proeed further it is onvenient to dene:
RTA = W T +WA
V TA = V T + V A
V LA = V L + V A (40)
Equations (36 - 36) ontain only ∆Aj and ∆
L
j omponents. We obtain:
∆L1 =
WL +RLAΠLρρW
A
1−RLAΠLρρ
∆L2 = 0
∆L3 = 0
∆L4 =
V L + V LAΠLππV
A
(1− V AΠAππ) (1− V
LA(ΠLππ +Π
A
ππ))
. (41)
∆T and ∆V A omponents mix among themselves but always in pairs:
∆T1 ←→ ∆
V A
3
∆T2 ←→ ∆
V A
4
∆T3 ←→ ∆
V A
1
∆T4 ←→ ∆
V A
2 . (42)
We derive:
∆T1 =
[
1− V TA(ΠAππ +Π
T
ππ)
] [
W T +WAW TAΠTρρ
]
[1− V TA(ΠAππ +Π
T
ππ)]
[
1−RTAΠTρρ
]
−RTAV TA(ΠV Aρπ )
2
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+
WARTAV TA(ΠV Aρπ )
2
[1− V TA(ΠAππ +Π
T
ππ)]
[
1−RTAΠTρρ
]
−RTAV TA(ΠV Aρπ )
2
(43)
∆T2 = 0
∆T3 = 0
∆T4 =
(1−RTAΠTρρ)
(
V T +∆A4 (V
TAΠTππ + V
TΠAππ)
)
[1− V TA (ΠAππ +Π
T
ππ)]
[
1−RTAΠTρρ
]
− V TARTA(ΠV Aρπ )
2
+
∆A4 V
TARTA(ΠV Aρπ )
2
[1− V TA (ΠAππ +Π
T
ππ)]
[
1−RTAΠTρρ
]
− V TARTA(ΠV Aρπ )
2
(44)
∆V A1 = 0
∆V A2 =
WATΠV Aρπ (V
T + (1−ΠππV
A)∆A4 )
1−WAT (ΠTρρ + V
AT (ΠV Aρπ )
2) + V AT (ΠAππ +Π
T
ππ)(Π
T
ρρW
AT − 1)
(45)
∆V A3 =
V ATWATΠV Aρπ
1−WAT (ΠTρρ + V
AT (ΠV Aρπ )
2) + V AT (ΠAππ +Π
T
ππ)(Π
T
ρρW
AT − 1)
(46)
∆V A4 = 0
A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